The development of current understanding of post operative pulmonary dysfunction is outlined and discussed.
Largely as a result of the Vietnam conflict there is a wide understanding of surgical respiratory failure. It is, however, instructive to go back to the early part of this century and trace the history of this understanding as many recent " discoveries" have their origin well in the past.
In a series of papers early this century Pasteur described post-operative massive collapse of the lung (Pasteur 1914) . He attributed this condition to post-operative failure of respiratory power and in addition he distinguished it from pneumonic consolidation. Soon after this Elliott and Dingley (1914) also described post-operative lung collapse which they attributed to plugging of the airways with purulent material. Thus two basic processes resulting in macro-atelectasis (i.e. clinically and/ or radiologically diagnosable atelectasis) were defined-the blocking of the airways by bronchial secretions and the weakening of the respiratory musculature by the surgical operation resulting in poor ventilation of the lung bases and a diminished ability to cough.
Nearly a decade later Cutler and Hunt (1922) wrote of the importance of embolization to the lungs from areas of trauma and sepsis in the genesis of post-operative respiratory complications.
Although classical thrombo-embolic disease is now regarded as a relatively uncommon causative factor in the development of postoperative atelectasis and pneumonia, it has now become clear that a frequent cause of respiratory failure is a form of pulmonary oedema (pneumonopathy) associated with an increased permeability of the pulmonary capillaries caused by micro-embolization complicating severe soft tissue injury, massive blood transfusions, sepsis and advanced shock (Blaisdell and Schlobohm 1973) .
In 1925 Chevalier J ackson and Lee pointed out that the massive collapse commonly seen post-operatively is really atelectasis, as the term collapse implies compression by such agents as a pneumothorax or haemothorax.
They emphasized the importance of bronchial obstruction and discussed the bronchoscopic aspiration of obstructing material. Churchill and McNeil (1927) described the reduction in vital capacity which occurs following abdominal operations. This observation which has been repeated and refined over the years forms the basis of the present day understanding of one of the most important causes of post-operative hypoxaemia; the disturbance in the relationship of ventilation to perfusion caused by reduction in the functional residual capacity below the level at which small airways begin to close in the lung bases (Alexander, Spence, Parikh and Stuart 1973) .
In 1929 Coryllos again emphasized the importance of immobility and airway obstruction in the development of post-operative atelectasis. He drew attention to the sequence of airway obstruction, atelectasis caused by absorption of air distal to the obstruction and then superadded infection resulting in postoperative pneumonia.
Arterial hypoxaemia, one of the most important characteristics of post-operative respiratory dysfunction, was reported by Overholt in 1930 . He also discussed the role of hypoventilation (i.e. the adoption of a monotonous shallow breathing pattern) in the development of post-operative atelectasis and pneumonia and this observation forms the basis of the concept of micro-atelectasis described over 30 years later. The work of Churchill and :\lcNeil (1927) and Overholt (1930) was extended hy Beecher (1933) who described a fall in the supplemental air, the forerunner of tbe measurement of functional residual capacity.
In 193fi l\loon and l\Iorgan in a paper entitled "Experimental Pulmonary Oedema" gave a good description of what is now known as tbe Adult Respiratory Distress Syndrome. .:\Ioon andl\Torgan (193ti) described pulmonary oedema secondary to increased pulmonary vascular permeability caused by injury to the capillary endothelium in such conditions as sbock and peritomtls. Their animal experiments revealed that when death occurred quickly after injury, congestive changes were predominant. Animals which lived longer had marked pulmonary oedema at autopsy and those which lived longest demonstrated terminal pneumonia.
Reflexes from areas of injury have long been thought to play a part in the development of post-operative pulmonary complicCltions.
de Takats, Fenn and J enkinson (1942) described reflex bronc ho-constriction and hypersecretion after blunt thoracic trauma and pulmonary embolization. However, the exact role of nervous reflexes in the development of postoperative respiratory dysfunction remains to be defined (Spence and Alexander HI72). In 1944 :\Iorton reported a very high incidence of post-operative atelectasis and pneumonia in a group of heavy smokers and the triad of heav~' smoking, productive cough and airway obstruction has since come to be recognized as a most important factor in the subsequent development of post-operative respiratory complications.
A tragic and often preventable cause of postoperative respiratory failure is inhalation of vomitus.
l\lendelson (l!Hn) described the syndrome associated with this accident. Acid gastric juice causes a most severe asthmatic syndrome together with a c(mgesti\'e and exudative pneumonopathy.
Experience gained by t:nited States :\rmy surgical teams in the Second \Yorld \rar contributed significantly to the understanding of surgical respirator~' complications.
In 1 H45 Burford and Burbank published a paper entitled" Traumatic \Yet Lung" in which they pointed out that in wounds of the chest, lung tissue reacts to produce increased fluid. A.lso as a result of the injuf\', coughing is reduced.
There is thus increased interstitial and intraalveolar fluid production together vvith its retention in the bronchi and bronchioles. As a result of immobility, pulmonary lymph drainage is impaired contributing further to fluid retention. This wet lung phase is followed by atelectasis and broncho-pneumonia. Burford and Burbank pointed out that pain appears to be a dominant factor in this syndrome and they cite examples of the extraordinary improvement which usually followed intercostal nerve block. They refer to the possible role of nervous reflexes in causing wet lung.
Thoraco-abdominal lllJury, apart from damaging pulmonary capillaries and increasing their permeability, causes marked sympathetic activity resulting in peripheral vasocons1:riction and a central shift of blood volume which would be expected to potentiate fluid accumulation in the lung (.Jcnkins et al. WGO). This fluid accumulates around intrathoracic airways and results in their narrowing (Straub, Nagano and Pearcc 19 ()7). I n addition, pain and immobility may compromise fluid removal by the lung lymphatics (Fish man 1 !172) and cause a monotonous shallow breathing pattern (Bendixen, Hedley-Whyte and Laver 1963) and reduction in the functional residual capacity to a level at which airway closure occurs (Alexander et al. J 97:5) . It seems likely that the striking improvement observed by Burford and Burbank (1!l.J.5) following intercostal nerve block was due to a reversal of these mechanisms (i.e. reduction of sympathetic tone and reversal of central blood shift, elevation of functional residual capacity and improvement of ventilation with better l\'mpiJatic removal of interstitial fluid and re\'ersal of airway closure and micro-atelectasis).
Writing in the Surgery of World War 1I, Drye and Ciddings (19M) pointed out that wet lung occurred also in patients with extrathoracic injuries. Brewer et al. (194n) confirmed the findings of Burford and Burbank (HI4G) and added several additional very important observations. They pointed out the frequent presence of respiratory infection before injury in the troops they were treating and they emphasized the value of positive pressure ox~'gen therapy as it serves to keep bronchioles patent. Positive expiratory pressure has been hailed as the most significant recent advance in the treatment of the pulmonary oedema of pneumonopathy as it tends to increase the functional residual capacity above the closing volume. It is of interest that this method of treatment was used successfully nearly 30 years ago. Brewer et al. emphasized the chain of events described by Burford and Burbank-trauma to the chest wall or abdomen producing pulmonary congestion and oedema with widespread bronchial spasm and increased secretions followed by atelectasis and pneumonia. In addition hypoxia was implicated as an important contributing factor in the formation of pulmonary oedema because of increased pulmonary capillary permeability (Drinker 1945) . Thus an increasing amount of knowledge was accumulating about pneumonopathy and its management. Daniel and Cate (1948) in an experimental study confirmed the susceptibility of the hypoxic lung to developing pulmonary oedema following saline infusion. They described the diffuse distribution of fluid in locally traumatized lungs and attributed this to a combination of the irritating effects of displaced blood and hypoxia.
Jenkins et al. (1950) drew attention to the importance of injudicious fluid infusion in the development of lung congestion and atelectasis. They reported that the congested atelectatic lung looks solid; however, with forced expansion it assumes a grossly normal appearance. They attributed this phenomenon to compression closure of bronchioles, an explanation which later lost favour following the description of surfactant and its depletion in this situation. Recent work, however, suggests that premature airway closure may be of great importance in the development of atelectasis associated with pulmonary congestion (Collins 1973) , and although surfactant depletion may play a very important part in the progressive deterioration of respiratory function which occurs in post traumatic pulmonary insufficiency, it is unlikely that the condition can be attributed primarily to loss of surfactant (Bates, Macklem and Christie 1971) . Jenkins et al. (1950) also first measured the increase in central blood volume which may occur with trauma and described the probable role of sympathetic mediated peripheral vasoconstriction in the development of this phenomenon.
They also showed that pulmonary oedema in shock may occur in the presence of a non-elevated left atrial pressure, the increased lung fluid accumulation being due to enhanced permeability of the pulmonary capillaries.
In 1957 Anscombe published his monograph, entitled "Pulmonary Complications of Abdominal Surgery". This is a most comprehensive review of the subject with special emphasis being placed on the spirometric changes which accompany abdominal surgery. Although its importance may not have been fully appreciated at the time, Anscombe's description of a 30 per cent fall in the functional residual capacity after upper abdominal surgery was an observation which has subsequently proved to be of great importance in the understanding of P0st-operative hypoxaemia. Harley (1961) used the term Pneumonopathy to describe the pulmonary oedema of non cardiac origin which had hitherto been called Wet Lung and has subsequently come to be known as the Adult Respiratory Distress Syndrome (A.R.D.S.). The writer believes that Harley's terminology is preferable because of its brevity, descriptiveness and adaptability (for example, one can speak of traumatic, viral or septic pneumonopathy and so on). Overholt's (1930) observation that hypoxaemia occurs post-operatively was extended and amplified by a number of workers including Troell (1951), Gordh, Linderholm and Norlander (1958) and Nunn and Payne (1962) and in 1963 Bendixen, Hedley-Whyte and Laver applying the observation of Mead and Collier (1959) that monotonous shallow breathing leads to a reversible fall in lung distensibility, described their concept of micro-atelectasis. This is a patchy alveolar collapse which is invisible on X-rays and which results in arterial hypoxaemia because, they claimed, of blood shunting in the lungs. I t is reversible by the use of periodic deep sighing respirations. Georg, Hornum and Mellemgaard (1967) showed that post-operative hypoxaemia was due largely to a disturbance in the relationship of ventilation to perfusion (i.e. regional underventilation occurs) rather than blood shunting in the lungs and Fairley et al. (1968) demonstrated that post-operative hypoxaemia was only partly reversed by periodic deep lung inflations. These observations suggested that the micro-atelectasis of Bendixen et al. (1963) could only partly explain the post operative hypoxaemia which is observed in patients with no X-ray evidence of macro-atelectasis.
The role of anaesthetic agents in promoting post-operative pulmonary dysfunction requires mention, although it is not proposed to deal with this subject in detail in this review. However, apart from their ability to cause post-operative undervelltilation, many of these agents are capable of depressing cardiac con tractility and a low cardiac output may in consequence accompany anaesthesia and operation. Arterial hypoxaemia can be caused by mixed venous desaturation when cardiac output becomes low in relation to the oxygen requirements of the tissues (Prys-Roberts, Kelman and Greenbaum 1967).
In 1973 Alexander et al. applying the observation of lVIilic- Emili et al. (1966) that significant small airway closure occurs at some point during lung emptying to residual volume, demonstrated that post-operative arterial hypoxaemia was directly related to the fall in functional residual capacity which occurred and which brought the closing volume closer to or within the range of tidal ventilation. This work extends that of Bendixen et al. (1963) and explains the spectrum of ventilation-perfusion disturbances seen post-operatively. Alexander et al. (1973) found little change in the level of the closing volume in their group of patients who were described as being free of cardiopulmonary disease. \Vork in progress in our laboratory, however, suggests that airway resistance may be elevated post-operatively in patients with chronic bronchitis and one of the mechanisms of this increase in airway resistance is probably an abnormal accumulation of fluid within the lungs.
The importance of left heart failure, increased capillary permeability and fluid overload in the development of the pulmonary oedema of pneumonopathy has been known for a long time. Recently the role of hypoproteinaemia has received increasing attention; Stein et al. (1974) having very elegantly demonstrated the importance of the colloid osmotic pressure in its development.
